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(57)Abstract: 

PROBLEM TO BE SOLVED: To easily make a self- 
exciting microphone small in size and light in weight by 
constituting it of a diaphragm, one or more vibration 
detection elements the electric characteristics of which 
are changed according to vibration of the diaphragm 
formed on the diaphragm and a vibration generating 
means to vibrate the diaphragm with mechanical 
resonance frequency of the diaphragm. 
SOLUTION: Pulse voltage with specified frequency to 
vertically vibrate the silicon diaphragm 1 b with its 
mechanical resonance frequency is impressed on an 
lower electrode 4 and an upper electrode 6 on both 
surfaces of a piezoelectric ceramics layer 5. Contraction 
and extension are repeated by the piezoelectric 
ceramics layer 5 and in accordance with them, the 
silicon diaphragm 1b is vertically vibrated with the 
mechanical resonance frequency. When sound reaches 
here, amplitude of the silicon diaphragm 1b changes 
according to the intensity of sound pressure. The 

vibration of the silicon diaphragm 1b is grasped as the change of resistor values and a large 
voltage signal is outputted according to the sound pressure by piezo resistive elements 2a to 
2d. Thus the, diameter of the silicon diaphragm 1b is reduced. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a self^excitation mold 

microphone especially about a microphone. 

[0002] 

[Description of the Prior Art] There are a capacitor microphone and a dynamic microphone in a 
well-known typical microphone. 

[0003] The capacitor microphone has the structure which is established so that the movable 
electrode formed on the diaphragm made from plastics which is a diaphragm, this movable 
electrode, and the fixed electrode which counters may maintain a certain distance and may 
counter, and forms an parallel plate capacitor. DC power supply are beforehand connected to 
this parallel plate capacitor, and the charge is accumulated. In a capacitor microphone, if voice 
reaches a diaphragm, a diaphragm will vibrate with sound pressure. Then, distance with the fixed 
electrode which countered with the movable electrode formed on the diaphragm and this 
movable electrode, and was prepared changes, and the electrostatic capacity of an parallel plate 
capacitor changes. And change of this electrostatic capacity is changed into an electrical signal, 
and a sound signal is acquired. 

[0004] On the other hand, the voice coil is being fixed to the diaphragm which vibrates with 
sound pressure, and the dynamic microphone has the structure where the permanent magnet 
was installed so that this voice coil might be penetrated. In a dynamic microphone, if voice 
reaches a diaphragm, a diaphragm will vibrate with sound pressure. Then, the magnetic flux which 
the voice coil interlocked together with the diaphragm and has come out from the permanent 
magnet is cut, and the induced current flows to a voice coil. And a sound signal is acquired 
based on this induced current. 

[0005] Outstanding frequency characteristics and the outstanding formation of small lightweight 
are demanded of the capacitor microphone and dynamic microphone which were mentioned 
above. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in satisfying the demand mentioned above, 
the trouble indicated below exists. 

[0007] First, a capacitor microphone and a dynamic microphone need a big comparison 
diaphragm. Since structure is still more complicated, a miniaturization and lightweightHzing of the 
body of a microphone are difficult. 

[0008] Moreover, since the dimension of a diaphragm is large, a mechanical resonance point will 
tend to appear near the audible band, and frequency characteristics will be restricted to the 
resonance point. When using it into a liquid furthermore, a thick and hard diaphragm will be used 
so that a diaphragm may not start poor deformation or a malfunction. This reduces various kinds 
of properties, such as sensibility of a microphone, frequency characteristics, and the 
temperature characteristic. 

[0009] The purpose of this invention has small lightweightHzation in offering an easy self- 
excitation mold microphone. 
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[0010] 

[Means for Solving the Problem] The self-excitation mold microphone of this invention consists 
of a diaphragm, one or more oscillating sensing elements from which it is formed on a diaphragm 
and electrical characteristics change according to vibration of a diaphragm, and an oscillating 
generating means to vibrate a diaphragm with the machine resonance frequency of a diaphragm. 
The piezoresistive element from which resistance changes as an oscillating sensing element 
according to vibration added, for example can be used. Moreover, the piezoelectric device which 
generates a spontaneous polarization charge according to vibration added as an oscillating 
sensing element can also be used. If a diaphragm is vibrated with machine resonance frequency 
with an oscillating generating means, the internal energy of a diaphragm will become the 
maximum (internal impedance set to 0), if sound pressure (external energy) joins a diaphragm, it 
will respond to the reinforcement of sound pressure, and the amplitude of a diaphragm will 
amplify or increase greatly. When an oscillating detection means is a piezoresistive element, 
change of the amplitude of a diaphragm is detected as change of the electric resistance of the 
crystal of a piezoresistive element. If the signal component based on machine resonance 
frequency is removed from the electrical signal based on change of this electric resistance, the 
sound signal according to sound pressure can be acquired. Since what is necessary is just to 
vibrate a diaphragm with machine resonance frequency according to this invention, the diameter 
size method of a diaphragm can be made small and a miniaturization and lightweightHzation are 
attained. 

[0011] Moreover, when an oscillating detection means is a piezoelectric device, a spontaneous 
polarization charge is transformed into a voltage signal or a current signal, and same processing 
is performed. 

[0012] Since the piezoresistive element mentioned above can be formed using a well-known 
semi-conductor manufacturing technology, small lightweightHzation of a self-excitation mold 
microphone becomes easy. A quartz resonator may constitute the diaphragm of a self-excitation 
mold microphone, and you may make it serve a double purpose as an oscillating generating 
means which mentioned this quartz resonator above further. By taking this configuration, the 
mark of the components which constitute a self^excitation mold microphone are reduced, and 
small lightweightHzation of a self-excitation mold microphone can be promoted further. 
[0013] Moreover, the more concrete self-excitation mold microphone of this invention consists 
of a silicon diaphragm, one or more piezoresistive elements by which the impurity was formed in 
a part of silicon diaphragm by being spread, an insulating thin film formed on the silicon 
diaphragm so that the exposure of a piezoresistive element might be covered, and an oscillating 
generating means to vibrate a diaphragm with the machine resonance frequency of a diaphragm. 
A silicon diaphragm here is a diaphragm formed using the well-known semi-conductor processing 
technique from the silicon wafer. By using a diaphragm as a silicon diaphragm, a well-known 
semi-conductor manufacturing technology can be applied to the production process of a 
diaphragm, and the formation of small lightweight and thin-shape-izing of a diaphragm are 
attained. The silicon wafer used for a silicon diaphragm may use the SIMOX wafer with which the 
oxide film is beforehand embedded to the interior of a silicon wafer in the state of BEAWEHA. 
Moreover, an oxide film may be formed on a silicon wafer and the SOI wafer which grew up the 
silicon crystal on the oxide film further may be used. An insulating thin film can use SiON, Si02, 
SiN, etc. 

[0014] As the above-mentioned oscillating generating means, the thing in which the 
electrostrictive ceramics layer was formed on the silicon diaphragm may be used. Of course, the 
electrode pattern is formed in both sides of an electrostrictive ceramics layer. If a periodic pulse 
voltage is impressed to the electrostrictive ceramics layer on a silicon diaphragm, 
electrostrictive ceramics will repeat compression and elongation. It is determined that the period 
of a pulse voltage becomes the machine resonance frequency of the silicon diaphragm which 
vibrates with compression and elongation. The ejection of the sound signal in this case is the 
same as the above-mentioned. 

[0015] As for the piezoresistive element formed on a silicon diaphragm, it is desirable to form so 
that it may become a bridge circuit by four. If such circuitry is adopted, each piezoresistive 
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element is combined, and sound pressure can be detected by things, without receiving effect in 

change of ambient temperature so that an output may serve as max. 

[0016] 

[Embodiment of the Invention] Hereafter, an example of the gestalt of operation of this invention 
is explained to a detail with reference to a drawing. 

[0017] Drawin g 1 is drawing of longitudinal section which is an example of the gestalt of 
operation of this invention and in which showing roughly the structure of the principal part of a 
self^excitation mold microphone. As shown in drawing 1 , the self-excitation mold microphone is 
equipped with the diaphragm member 1 formed from the silicon wafer. This diaphragm member 1 
consists of silicon diaphragm 1b supported by annular diaphragm base section 1a and diaphragm 
base section 1a. 

[0018] On silicon diaphragm 1b, it is formed so that a resistance bridge circuit as four 
piezoresistive element 2a as an oscillating sensing element thru/or 2d show to drawing 2 may be 
constituted. When four piezoresistive element 2a thru/or the resistance of 2d vibrates so that 
silicon diaphragm 1b may go direct with the direction of a field, the voltage signal outputted from 
a resistance bridge circuit is set to become as large as possible. 

[001 9] On piezoresistive element 2a thru/or 2d, the insulating thin film 3 which consists of Si02, 
SiN, SION, etc. is formed in the front face of silicon diaphragm 1b and base 1a so that 
piezoresistive element 2a thru/or a 2d exposure may be covered. 

[0020] The ohms-connection pattern for connecting the connection pattern which connects 
each piezoresistive element mutually, and the node and output electrode of a resistance bridge 
circuit has omitted illustration. In addition, the ohms-connection pattern which is not illustrated 
is also covered with the insulating thin film 3. 

[0021] 4 is the bottom electrode formed with thin film electrical conducting materials, such as 
ITO. The electrostrictive ceramics layer 5 is formed on the bottom electrode 4. Furthermore on 
the electrostrictive ceramics layer 5, the top electrode 6 which consists of Ag, Au, etc. is 
formed. If, as for the electrostrictive ceramics layer 5, the pulse voltage of a predetermined 
period is impressed between the bottom electrode 4 and the top electrode 6 by performing 
polarization processing between the bottom electrode 4 and the top electrode 6, the 
electrostrictive ceramics layer 5 will vibrate on a predetermined frequency. The oscillating 
generating means is constituted from this example by the bottom electrode 4, the 
electrostrictive ceramics layer 5, and the top electrode 6. 

[0022] Next, the manufacture approach of the self^excitation mold microphone mentioned above 
is explained in order of a production process. 

[0023] First, as anisotropic etching shows to drawing 1 from the inferior-surface-of-tongue side 
of a silicon wafer, opening is carried out toward the bottom, diaphragm crevice 1c is formed and 
the diaphragm member 1 is formed so that a longitudinal-section configuration may make a 
trapezoid. 

[0024] Next, Si02, SiN, and SiON-ized processing are performed for the whole front face of the 
diaphragm member 1. Next, epitaxial growth of the silicon material, such as single crystal silicon, 
polycrystalline silicon, and an amorphous silicon, is carried out on silicon diaphragm 1b. And an 
impurity is diffused and piezoresistive element 2a thru/or 2d are formed in the interior of the 
silicon which carried out epitaxial growth. 

[0025] Next, in order to connect each piezoresistive element mutually and to connect the node 
and output electrode of a resistance bridge circuit, an ohms-connection pattern (not shown) is 
formed. An ohms-connection pattern is formed with the sputtering method, a vacuum deposition 
method, etc. using a transparent electrode (ITO) etc. 

[0026] Next, the insulating thin films 3, such as Si02, SiN, and SiON, are formed using thin film 
coating technology including a CVD method so that piezoresistive element 2a formed on 
diaphragm 1b thru/or a 2d exposure, and the ohms-connection pattern which is not illustrated 
may be covered. 

[0027] Next, the sputtering method and a vacuum deposition method are formed for the bottom 
electrode 4 on the insulating thin film 3, on it, the sputtering method is used and the 
electrostrictive ceramics layer 5 is formed. Finally, the top electrode 6 is formed on the 
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electrostrictive ceramics layer 5. In addition, in drawing 1 , 4a and 6a are polar zone. 
[0028] Next, actuation of the self-excitation mold microphone of the gestalt of this operation is 
explained. The greatest description of this invention is by the electrostrictive ceramics layer's 5 
vibrating diaphragm 1b with the machine resonance frequency of diaphragm 1b, making internal 
energy of diaphragm 1b the maximum condition, and changing the amplitude of diaphragm 1b with 
the sound pressure added there to acquire the amplified sound signal. 

[0029] In drawing 1 , the pulse voltage of the predetermined frequency for vibrating diaphragm 1b 
up and down with the machine resonance frequency to the electrodes 4 and 6 of both sides of 
the electrostrictive ceramics layer 5 is impressed to a detail. Thereby, the electrostrictive 
ceramics layer 5 repeats contraction and elongation, and silicon diaphragm 1b vibrates up and 
down with machine resonance frequency with this contraction and elongation. Vibration of silicon 
diaphragm 1b is regarded as a resistance value change in piezoresistive element 2a thru/or 2d. 
[0030] If voice reaches silicon diaphragm 1b which is vibrating with machine resonance 
frequency, the amplitude of silicon diaphragm 1b will change according to the strength of sound 
pressure. And change of the amplitude of diaphragm 1b is regarded as a resistance value change 
in piezoresistive element 2a thru/or 2d. A sound signal is acquired by removing the signal 
component based on machine resonance frequency from the electrical signal based on a 
resistance value change. 

[0031] In addition, a quartz resonator may be used instead of silicon diaphragm 1b mentioned 
above. If the seal of approval of the electrical potential difference which changes on a 
predetermined frequency is carried out, since a quartz resonator will vibrate on the frequency 
according to this frequency, even if it does not use the oscillating generating means which 
consists of an electrostrictive ceramics layer 5 used with the gestalt of operation mentioned 
above, diaphragm 1b itself can be made to serve a double purpose as an oscillating generating 
means. Thereby, the structure of the self-excitation mold microphone of this invention is not 
only simplified more, but can lessen a production process. 

[0032] In addition, formation of crevice 1c may be made into the last contrary to the order of a 
production process mentioned above. That is, piezoresistive element 2a thru/or 2d are first 
formed on a silicon wafer, and the insulating thin film 3 is formed so that piezoresistive element 
2a thru/or a 2d exposure may be covered. Then, crevice 1c of a configuration as performed 
anisotropic etching from the inferior surface of tongue of a silicon wafer and shown in drawing 1 
may be formed. 

[0033] Moreover, a silicon wafer with which the oxide film is formed in the interior of a wafer in 
the state of BEAWEHA, for example, a SIMOX wafer, may be used for the silicon wafer used for 
the diaphragm member 1. Moreover, the SOI wafer which grew up the silicon crystal into 
predetermined thickness may be used on the oxide film which formed and formed the oxide film 
on the silicon wafer. 

[0034] When formed on silicon diagram 1b, piezoresistive element 2a formed in silicon diaphragm 
1b as above-mentioned thru/or 2d are formed so that a resistance bridge circuit as shown in 
drawing 2 may be constituted. It is determined that the voltage signal outputted from a bridge 
circuit becomes as large as possible when the amplitude of silicon diaphragm 1b changes with 
sound pressure as for the resistance of each piezoresistive element. 

[0035] The circuitry is [ that there should just be the 1 more than number of piezoresistive 
elements ] arbitrary although four piezoresistive elements were used as an oscillating sensing 
element with the gestalt of operation mentioned above. Moreover, the piezoelectric device which 
generates a spontaneous polarization charge as an oscillating sensing element according to 
added vibration can be used. 
[0036] 

[Effect of the Invention] According to this invention, since what is necessary is just to vibrate a 
diaphragm with machine resonance frequency, the diameter size method of a diaphragm can be 
made small. Thereby, a miniaturization and lightweight-izing of a microphone are attained. 
Moreover, by a quartz resonator's constituting a diaphragm and making this quartz resonator 
serve a double purpose as an oscillating generating means further, the mark of the components 
which constitute a self^excitation mold microphone are reduced, and a self-excitation mold 
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microphone can be further formed into small lightweight. Since a silicon diaphragm is furthermore 
vibrated with machine resonance frequency according to this invention, if the differential 
pressure of the vibrating top face of a silicon diaphragm and inferior surface of tongue is 
detected, it can be used also for various flowmeters and a pressure sensor. 



[Translation done.] 
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